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Abstract
Background
There is a scarcity of data on the association of sexual violence and women's subsequent
obstetric outcomes. Our aim was to investigate whether women exposed to sexual violence
as teenagers (12–19 years of age) or adults present with different obstetric outcomes than
women with no record of such violence.
Methods
We linked detailed prospectively collected information on women attending a Rape Trauma
Service (RTS) to the Icelandic Medical Birth Registry (IBR). Women who attended the RTS
in 1993–2010 and delivered (on average 5.8 years later) at least one singleton infant in Ice-
land through 2012 formed our exposed cohort (n = 1068). For each exposed woman's deliv-
ery, nine deliveries by women with no RTS attendance were randomly selected from the
IBR (n = 9126) matched on age, parity, and year and season of delivery. Information on
smoking and Body mass index (BMI) was available for a sub-sample (n = 792 exposed and
n = 1416 non-exposed women). Poisson regression models were used to estimate Relative
Risks (RR) with 95% confidence intervals (CI).
Results
Compared with non-exposed women, exposed women presented with increased risks of
maternal distress during labor and delivery (RR 1.68, 95% CI 1.01–2.79), prolonged first
stage of labor (RR 1.40, 95% CI 1.03–1.88), antepartum bleeding (RR 1.95, 95% CI 1.22–
3.07) and emergency instrumental delivery (RR 1.16, 95% CI 1.00–1.34). Slightly higher
risks were seen for women assaulted as teenagers. Overall, we did not observe differences
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between the groups regarding the risk of elective cesarean section (RR 0.86, 95% CI 0.61–
1.21), except for a reduced risk among those assaulted as teenagers (RR 0.56, 95% CI
0.34–0.93). Adjusting for maternal smoking and BMI in a sub-sample did not substantially
affect point estimates.
Conclusion
Our prospective data suggest that women with a history of sexual assault, particularly as
teenagers, are at increased risks of some adverse obstetric outcomes.
Introduction
Violence, including sexual violence, is a worldwide public health problem [1]. Exposure to sex-
ual violence has been linked with increased risks of various negative physical [2–4] and mental
[5–7] health consequences. Various mechanisms have been hypothesized, including biological,
behavioral and emotional, yet further studies are needed to better understand and act on these
complex pathways [8]. Associations have also been reported between exposure to sexual vio-
lence and subsequent risk factors such as illicit drug- or alcohol use [5, 9], smoking [9] and
high body mass index (BMI)[10]; associations that also have been observed among women in
subsequent pregnancies [11–15].
Sexual violence involves the body parts of human reproduction and indeed some survivors
of rape have described re-experiencing the assault during labor and delivery [16]. Although the
number of studies has increased during the last decade, knowledge on the potential influence
of sexual violence on maternal and obstetric outcomes is still scarce. Women who have been
exposed to sexual violence have been reported to be at increased risk of being hospitalized dur-
ing pregnancy [17, 18], reporting common pregnancy complaints (for example nausea, back-
ache, and tiredness) [12, 13] and fearing childbirth before [19] or during labor [20].
Few studies have addressed whether a history of sexual violence increases the risk of labor
complications, such as labor dystocia; some studies have reported prolonged second stage of
labor in women exposed in adulthood [21, 22], while others have not found any associations
between sexual violence and labor dystocia [14, 23]. Similarly, findings from studies on the
association between sexual violence and risk of cesarean section or instrumental vaginal deliv-
eries are mixed. Some studies have reported an association (at least for subgroups of exposed
women) with elective cesareans [14, 24], emergency cesareans [14], or either [21, 22], while
others have not found such associations [15, 25]. Vaginal instrumental deliveries have in some
studies been associated with a history of sexual violence [21, 22] while such an association has
not been confirmed in other studies [14, 15, 24]. These contradictory findings inevitably reflect
the vast methodological challenges in most previous studies, including retrospective self-
reports of exposure [12–15, 18–20, 23–25] or selection of small clinical samples, limiting the
generalizability of the findings [21, 22]. Furthermore, some [12, 17, 25] but not all [11, 13–15,
18–24] previous studies have been restricted to sexual abuse during childhood. A recent report
from the World Health Organization calls for increased research to fill existing knowledge gap
on the health consequences of sexual violence [1]. Thus, to add to previous studies on obstetric
outcomes among sexual violence survivors, larger population-based follow-up studies of medi-
cally registered indices of sexual violence are needed for improved understanding, and preven-
tion, of potential adverse consequences in pregnancy and labor.
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In Reykjavik, Iceland, prospectively collected information on women seeking trauma ser-
vices for sexual assault is available from 1993 and onwards, providing an opportunity for com-
plete follow-up of subsequent births in the nationwide electronic Icelandic Medical Birth
Registry (IBR). Using these resources, it is possible to conduct studies that complement some
of the methodological shortcomings of many previous studies. We aimed to investigate the
associations between women’s sexual violence exposure as teenagers or adults and adverse
obstetric outcomes later in their lives. We further aimed to identify whether the risk of adverse
outcomes varied by age at and time from sexual violence exposure.
Materials and Methods
The study was accepted by The National Bioethics Committee (VSNb2010050009/03.7) and
The Data Protection Authority (2013040591HGK/—), with acceptance from Landspitali and
The Directorate of Health. No participants were contacted; the data were analyzed
anonymously.
The Rape Trauma Service (RTS) opened in March 1993 at the accident and emergency
department of Landspitali—the National University Hospital of Iceland. The RTS provides
emergency services for sexually assaulted individuals who are 12 years old and older, of whom
most report severe sexual violence (penetration). The data on assaulted women are registered
by attending health care professionals independent of this study. The services and data registra-
tion are further described in our previous study [26]. Upon attendance to the RTS, individuals
are registered with their unique personal identification number. For the preparation of the
exposed cohort, a data administrator at the hospital performed a record linkage of the unique
identification numbers of women attending RTS from 1993 to 2011 to the Icelandic Birth Reg-
ister to obtain information on obstetric outcomes. In total, 670 exposed women with Icelandic
citizenship delivered 1068 singleton infants in Iceland in the period following attendance until
the end of follow-up (December 31st 2012). Time from assault to delivery was on average 5.8
years (median 5.1 years, interquartile range 5.6 years).
We considered all mothers in the IBR who had not attended the RTS through Dec 31st 2011
as being non-exposed. For each exposed mother’s delivery, we aimed to randomly select ten
deliveries, by Icelandic mothers, with a computerized program for our non-exposed cohort,
with the following matching criteria: Age (a)19 years, b) 20–39 years, matched on exact age,
c)40 years), parity (primipara or multipara), and calendar season of delivery (January-April,
May-August, or September-December of the same year). We restricted our analysis to single-
tons and, if randomly selected more than once, applied each delivery by a non-exposed mother
only once in our analyses. This resulted in a study population of 9126 deliveries of non-exposed
mothers and 1068 deliveries of exposed mothers.
The IBR includes information on every delivery in Iceland from gestational week 22. Data is
registered by health professionals at each antenatal clinic and birthplace, and is sent electroni-
cally after delivery to the IBR, where it is verified by a secretary. Variables include information
on mother and infant, International Classification of Diseases codes for all diagnosis (ICD)
and NOMESCO Classification of Surgical Procedures (NCSP) codes. All earlier ICD codes in
the IBR have been updated according to the tenth version (ICD -10).
ICD—10 codes were used to define the following outcomes: Labor dystocia (primary
(O62.0), secondary (O62.1) and unspecified (O62.2) dystocia, prolonged first (O63.0) and sec-
ond (O63.1) latent phase, or unspecified prolonged labor (O63.9)),maternal distress during
labor and delivery (O75.0), antepartum bleeding (O44-46, including placental abruption O45),
elective caesarean section (O82.0), and emergency caesarean section (O82.1).
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The following NCSP codes were used to define obstetric interventions: Induced labor
(MAXC00, 02, 09), instrumental vaginal delivery (either forceps or vacuum extraction)
(MASE00, 03, 96; MASF00, 10, 96, MASG03, 13, or ICD-10 O81.0, O81.1, O81.2, O81.3,
O81.4, O81.5), and emergency instrumental delivery (defined as either vaginal instrumental
delivery or emergency cesarean delivery).
Women’s occupation (registered in the IBR) was roughly categorized for this study as being
a student, not working (unemployed, full-time at home or on disability benefit) and employed/
missing (missing reported in our previous article<2–4%).
Statistical analysis
Using Poisson log-linear models, we assessed differences in risk of labor characteristics and
delivery interventions between exposed and non-exposed cohorts. Results are presented as
prevalence rate ratios or relative risks (RR) with 95% confidence intervals (CI). Due to the
matched design, we inherently adjusted for age, parity, and season of delivery in our crude
models. In our secondary models, we additionally adjusted for socio-economic factors (marital
and occupational status). We further analyzed the data stratified on: a) Woman’s age at the
time of attendance to the RTS; teenagers (12–19 years of age, median 17years) or adults (20
years, median 23 years), which reflects before and after the general age at which most Icelandic
students complete a four-year elective high-school education. b) Time from exposure to deliv-
ery;5 or>5 years, which reflects the median time from assault to delivery, 5.1 years. The
time stratified analysis were adjusted for maternal age, parity (nulliparous or multiparous), and
year of delivery. Women who had an elective cesarean section were excluded from other
analyses.
Additional analysis. The IBR does not include electronic information about smoking and
BMI. However, we have information about these manually collected variables in our previous
study about risk factors and health during pregnancy [11]. This previous study consisted of a
sub-sample of exposed women within our current dataset, those who attended the RTS through
2008 and delivered to mid-April 2011, while the non-exposed women differ from those in the
current study (due to different matching criteria and fewer non-exposed women in the previ-
ous study). The results of the previous study [11] showed that exposed women were at
increased risk of sustained smoking during pregnancy as well as marginally higher risk of obe-
sity when compared to non-exposed women. Therefore, to explore the role of these risk factors
for labor and delivery outcomes, we performed additional analyses and show RRs with and
without adjustment for smoking and BMI in the sub-sample (n = 792 exposed and n = 1416
non-exposed women).
Data analysis was conducted with IBM SPSS Statistics version 20.0 (Armonk, NY: IBM
Corp.).
Results
Table 1 shows the matching variables and other background characteristics between exposed
and non-exposed women. The three matching variables, maternal age, parity, and season, were
comparable between the exposed and non-exposed cohorts. Compared to non-exposed
women, exposed women were less frequently employed or cohabiting, and a higher proportion
of their deliveries occurred in the capital.
Table 2 shows the prevalence and risks of the studied labor characteristics in exposed versus
non-exposed women, and also in our additional analysis where information on smoking and
BMI was available. Compared to non-exposed women, exposed women were at a 40 percent
increased risk of having a prolonged first stage of labor, whereas no difference was found
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regarding prolonged second stage. Exposed women were also at 60 percent increased risk of
being diagnosed with maternal distress during labor and delivery, and at a twofold risk of ante-
partum bleeding. We found no differences between the groups with respect to induced labor or
dystocia. Adding socio-economic factors (occupation and marital status) to the models resulted
in minimal change of the reported point estimates (S1 Table). Analysis restricted to the sub-
sample revealed no substantial differences in point estimates when adding smoking and BMI
to the model.
Table 3 shows the same outcomes as Table 2, now stratified by age at attendance to the RTS.
Compared to non-exposed women, the relative risks were generally higher for women exposed
as teenagers than for women exposed later in life; a 28% increased risk of induced labor, a 29%
increased risk of labor dystocia, a 60% increased risk of having a prolonged first stage of labor,
and a twofold risk of maternal distress during labor and delivery. However, the risk of antepar-
tum bleeding was twofold increased among those assaulted in adulthood, while the risk was
not significant for those exposed earlier. Among women exposed as teenagers (n = 629), 273
deliveries occurred5 years of the assault and 356 occurred later. The corresponding figures
for deliveries among women exposed as adults (n = 396) were 235 and 161, respectively. Time
stratified analysis showed mostly comparable estimates, irrespective of the proximity from the
assault to the delivery (S2 Table).
Table 1. Background characteristics comparing women exposed versus non-exposed to sexual violence.
Non-exposed Exposed
n % n %
9126 89.5% 1068 10.5%
Age at delivery (years)
19 955 10.5% 119 11.1%
20–24 3085 33.8% 368 34.5%
25–29 2906 31.8% 335 31.4%
30–34 1571 17.2% 176 16.5%
35 609 6.7% 70 6.6%
Parity
Primiparas 4308 47.2% 504 47.2%
Multiparas 4818 52.8% 564 52.8%
Season of delivery
January–April 2865 31.4% 343 32.1%
May–August 3126 34.3% 361 33.8%
September–December 3135 34.4% 364 34.1%
Occupational Status
Employed/missing 6166 67.6% 581 54.4%
Student 2023 22.2% 228 21.3%
Not working (disability, unemployed, full time at home) 937 10.3% 259 24.3%
Marital status
Cohabiting 7055 77.3% 631 59.1%
Not cohabiting 1944 21.3% 420 39.3%
Missing 127 1.4% 17 1.6%
Place of delivery
Capital (Landspitali) 6123 67.1% 828 77.5%
Other 3003 32.9% 240 22.5%
doi:10.1371/journal.pone.0150726.t001
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Table 2. Comparison of labor characteristics among women exposed versus non-exposed to sexual violence.
Full dataset Sub-samplea
Non-
exposed
women
Exposed women Non-
exposed
women
Exposed women
n % n % RRb 95% CI n % n % RRc 95% CI Adj
RRcd
95% CI
Totale 8699 89.5 1025 10.5 1530 63.7 873 36.3
Induced labor 2273 26.1 291 28.4 1.09 0.98–
1.21
368 24.1 229 26.2 1.09 0.95–
1.25
1.08 0.93–
1.26
Labor dystocia 729 8.4 101 9.5 1.18 0.96–
1.47
124 8.1 87 10.0 1.17 0.88–
1.57
1.26 0.89–
1.77
Prolonged ﬁrst stage of labor 292 3.4 48 4.7 1.40 1.03–
1.88
45 2.9 39 4.5 1.50 0.96–
2.36
1.38 0.84–
2.25
Prolonged second stage of labor 356 4.1 45 4.4 1.07 0.77–
1.49
56 3.7 39 4.5 1.22 0.79–
1.90
1.40 0.89–
2.23
Maternal distress during labor and
delivery
96 1.1 19 1.9 1.68 1.01–
2.79
21 1.4 16 1.8 1.56 0.81–
3.01
1.40 0.67–
2.92
Antepartum bleeding 96 1.1 22 2.1 1.95 1.23–
3.07
35 2.3 17 1.9 1.08 0.59–
1.98
0.81 0.41–
1.58
Placental abruption 36 0.4 7 0.7 1.66 0.74–
3.72
6 0.4 6 0.7 2.38 0.69–
8.26
1.72 0.45–
6.53
aExposed and non-exposed women within our previous dataset with manually retrieved information on smoking and BMI.
bRelative Risks with non-exposed women as a reference group. Data matched on age, parity and season of delivery.
cRelative Risks with non-exposed women as a reference group. Data adjusted for age, parity, year and month of delivery.
dAdditionally adjusted for smoking (in 2 categories, no/quit vs. yes) and body mass index (BMI).
eWomen who underwent elective cesarean section were excluded from all analysis in this table.
doi:10.1371/journal.pone.0150726.t002
Table 3. Comparison of labor characteristics among women exposed versus non-exposed to sexual violence: Stratified by age at rape trauma
consultation.
Non-exposed
women
Age at rape trauma consultation
<20 yearsa
Age at rape trauma consultation
20 yearsa
Model Model
n % n % RRb 95% CI n % RRb 95% CI
Total 8699 89.5 629 6.7 396 4.1
Induced labor 2273 26.1 192 30.5 1.17 1.03–1.33 99 25.0 0.96 0.80–1.15
Labor dystocia 729 8.4 68 10.8 1.29 1.01–1.65 33 8.3 0.99 0.67–1.46
Prolonged ﬁrst stage of labor 292 3.4 34 5.4 1.61 1.14–2.28 14 3.5 1.05 0.62–1.79
Prolonged second stage of labor 356 4.1 26 4.1 1.01 0.68–1.51 19 4.8 1.17 0.69–1.99
Maternal distress during labor and delivery 96 1.1 14 2.2 2.02 1.12–3.64 5 1.3 1.14 0.47–2.78
Antepartum bleeding 96 1.1 12 1.9 1.73 0.96–3.12 10 2.5 2.28 1.21–4.33
Placental abruption 36 0.4 3 0.5 1.15 0.36–3.73 4 1.0 2.44 0.88–6.78
aThose who attended the Rape Trauma Service more than once were categorized according to age at ﬁrst attendance.
bRelative Risks with non-exposed women as a reference group.
doi:10.1371/journal.pone.0150726.t003
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Table 4 shows risks of delivery interventions in women exposed to sexual violence versus
non-exposed women, both in our full cohort and our sub-sample. Exposed women were at an
increased risk of having emergency instrumental deliveries, compared to non-exposed women.
We found no difference regarding elective cesarean sections. Additional adjustment for socio-
economic status did not change the point estimates substantially (S1 Table). The point esti-
mates were comparable in crude models and when adjusting for smoking and BMI in our sub-
sample.
Table 5 shows delivery interventions according to exposure status stratified by age at atten-
dance to the RTS. Women exposed as teenagers were less likely to have an elective cesarean sec-
tion but at a 20% increased risk of emergency instrumental deliveries, compared to non-
exposed women. No statistically significant differences were found when comparing women
exposed in adulthood to non-exposed women. The results remained mostly constant across
categories of time from assault to delivery (S3 Table).
Lastly, restricting deliveries of exposed women to each woman’s first subsequent delivery
following the exposure (whether it was her first delivery or not) showed similar results overall,
with somewhat less statistical power (S4 Table).
Discussion
The findings from this register-based study indicate an increased risk of some obstetric and
delivery complications among women with history of sexual violence. Exposed women, espe-
cially those assaulted as teenagers (12–19 years of age), were at increased risks of labor dystocia
(mainly prolonged first stage of labor), maternal distress during labor and delivery, and emer-
gency instrumental delivery (vaginal instrumental delivery or emergency cesarean section),
compared to non-exposed women. We found no difference regarding elective cesarean section
Table 4. Comparison of delivery interventions among women exposed versus non-exposed to sexual violence.
Full dataset Sub-samplea
Non-
exposed
women
Exposed women Non-
exposed
women
Exposed women
n % n % RRb 95% CI n % n % RRc 95% CI Adj
RRcd
95% CI
Total 9126 89.5 1068 10.5 1614 64.1 903 35.9
Elective cesarean section 427 4.7 43 4.0 0.86 0.61–
1.21
84 5.2 30 3.3 0.92 0.59–
1.45
1.18 0.74–
1.88
Totale 8699 89.5 1025 10.5 1530 63.7 873 36.3
Emergency cesarean section 842 9.7 117 11.4 1.18 0.97–
1.44
161 10.5 102 11.7 1.29 0.99–
1.67
1.26 0.94–
1.69
Instrumental vaginal delivery 698 8.0 93 9.1 1.13 0.91–
1.40
114 7.5 84 9.6 1.29 0.98–
1.70
1.30 0.96–
1.74
Emergency instrumental
deliveryf
1540 17.7 210 20.5 1.16 1.00–
1.34
275 18.0 186 21.3 1.29 1.07–
1.56
1.28 1.05–
1.58
aExposed and non-exposed women within our previous dataset with manually retrieved information on smoking and BMI.
bRelative Risks with non-exposed women as a reference group. Data matched on age, parity and season of delivery.
cRelative Risks with non-exposed women as a reference group. Data adjusted for age, parity, year and month of delivery.
dAdditionally adjusted for smoking (in 2 categories, no/quit vs. yes) and body mass index (BMI).
eWomen who underwent elective cesarean section were excluded from other analysis in this table.
fEither emergency cesarean section or instrumental vaginal delivery.
doi:10.1371/journal.pone.0150726.t004
Sexual Violence and Subsequent Obstetric Outcomes
PLOSONE | DOI:10.1371/journal.pone.0150726 March 23, 2016 7 / 12
overall. However, those assaulted as teenagers were at a lower risk of elective cesareans com-
pared to non-exposed women. Finally, exposed women (especially those assaulted 20 years or
older) were at increased risk of antepartum bleeding.
Previous studies have shown that women exposed to sexual violence are at an increased risk
of fear of childbirth [19, 20], which may partly explain some of our findings, i.e. with respect to
longer duration of delivery [27], assisted delivery (marginally significantly) [19], and emer-
gency cesarean section [28]. Psychological interventions for fear of childbirth have proven
effective [29], and continuous one-to-one support during labor is associated with a reduced
risk of instrumental deliveries and shorter labor [30]. We are not aware of other studies report-
ing an association between sexual assault and maternal distress during labor and delivery, nor a
prolonged first stage of labor. The first stage is characterized by dilation of the cervix and
includes (frequent) examinations of progress. In a qualitative study from Norway [16], rape
survivors described progress examinations as an invasion and that their rape was re-activated
during childbirth. They also reported feelings of helplessness and struggle, and some felt that
their body refused to give birth. In addition, women exposed to sexual violence may have an
impaired confidence in health care professionals [31], which may also partially explain these
findings. It is therefore important that health care providers acknowledge that conducting rou-
tine clinical work without preparing the woman can have negative effects and re-activate rape
experiences [16]. Stress hormones peak during labor [32] but studies are needed to examine
whether possible biologic dysregulation of the stress-response systems [8] among sexually
assaulted women affect the production of labor hormones, and, therefore, obstruct the progress
of labor. Obesity has been associated both with sexual violence [10] and a prolonged first stage
of labor [33], but our risk estimates remained similar after adjustment for BMI and smoking in
the sub-sample. We found that women exposed as teenagers were at increased risk of induction
of labor. This finding aligns with the results of a previous study where the authors suggested
that induction of labor may act as a way to retain control [14].
Antepartum bleeding was more common among assaulted women, especially those who
attended the RTS as adults. Increased risk of hospitalization due to antepartum bleeding has
been reported for women with a history of sexual violence, in a dose-response manner by vio-
lence severity; adjustment for physical violence attenuated the association [18]. Placental
Table 5. Comparison of delivery interventions among women exposed versus non-exposed to sexual violence: Stratified by age at rape trauma
consultation.
Non-exposed
women
Age at rape trauma consultation <20
yearsa
Age at rape trauma consultation 20
yearsa
Model Model
n % n % RRb 95% CI n % RRb 95% CI
Total 9126 89.5 646 6.3 422 4.1
Elective cesarean section 427 4.7 17 2.6 0.56 0.34–0.93 26 6.2 1.32 0.84–2.06
Totalc 8699 89.5 629 6.5 396 4.1
Emergency cesarean section 842 9.7 70 11.1 1.15 0.89–1.49 47 11.9 1.23 0.91–1.65
Instrumental vaginal delivery 698 8.0 65 10.3 1.29 1.00–1.66 28 7.1 0.88 0.61–1.28
Emergency instrumental deliveryd 1540 17.7 135 21.5 1.21 1.02–1.44 75 18.9 1.07 0.85–1.36
aThose who attended the Rape Trauma Service more than once were categorized according to age at ﬁrst attendance.
bRelative Risks with non-exposed women as a reference group.
cWomen who underwent elective cesarean section were excluded from other analysis.
dEither emergency cesarean section or instrumental vaginal delivery.
doi:10.1371/journal.pone.0150726.t005
Sexual Violence and Subsequent Obstetric Outcomes
PLOSONE | DOI:10.1371/journal.pone.0150726 March 23, 2016 8 / 12
abruption is associated with smoking, which could have attributed to some of the risk, since
our former study indicates that this age group of exposed women had a high risk of persistent
smoking (and illicit drug use) during pregnancy [11]. We have no information on smoking sta-
tus at the time of the exposure, thus we cannot disentangle whether the women had started to
smoke before or after the sexual assault.
Our findings on delivery interventions add to previous mixed findings [14, 15, 19, 24, 25].
Notably, our data suggest that women assaulted as teenagers are less likely to have an elective
cesarean section, compared to non-exposed women. In contrast, two of the largest and most
recent studies in this field show increased risks of elective cesarean sections, both for all
exposed women [14] and for subgroups [24]. An elective cesarean section is less likely than
instrumental vaginal delivery and emergency cesarean section to result in a negative birth expe-
rience [34], which are interventions that were more prevalent among our teenage-exposed
women than non-exposed women. Further studies are needed to assess which obstetric inter-
ventions are most beneficial in terms of obstetric and perinatal outcomes for exposed women.
Yet, our risk estimate for emergency instrumental deliveries was modest (overall RR 1.16). To
avoid these interventions and the risk of negative consequences, an increased prenatal support
for pregnant exposed women may be needed.
Our data suggest that age at time of sexual assault may be a critical factor for subsequent
delivery outcomes. Adversities in childhood have been associated with various negative health
outcomes in a dose-response manner [35]. In a recent systematic review, consistent positive
associations were found between studies on childhood exposure to violence and cardio-vascu-
lar disease, whereas studies on adult exposure revealed mixed findings [36]. Also, the risk of
post-traumatic stress disorder (PTSD) has been reported somewhat greater for women exposed
to sexual violence in childhood than for those exposed 18 years or older [37]. Among women
exposed to child sexual abuse, re-victimization in adulthood increases the association with psy-
chiatric disorders [5]. Pathways by which women assaulted as teenagers are at greater risks for
later negative health outcomes than those assaulted later are not clear, but exposure during a
more sensitive age period and risk of re-victimization may contribute to the differences some-
what. Interestingly, time passed from sexual assault did not seem to affect the age-stratified
analyses. The vast majority of our study population was exposed to severe sexual violence [26]
which may partly explain discrepancies with previous studies.
A major strength of our study is the population-based, prospective and independent regis-
tration of exposure and outcomes by health care professionals. Using registry data, we did not
have to rely on women’s participation (which can induce selection bias) or deal with recall bias
from retrospective self-reports. We are unaware of other studies that have been able to utilize
such data sets and methods within this field. Nevertheless, our study also has several limita-
tions. First, some women in the non-exposed cohort may still have been exposed to severe sex-
ual violence, yet not attended the RTS (suggested prevalence of rape/rape attempt among
women after the age of 15 in the general population is 13% [38]). If there is indeed a true asso-
ciation between sexual violence and the tested outcomes, this would result in an underestima-
tion of the relative risks. Second, our exposed women all disclosed their experience and sought
medical attention, the vast majority within a month after the assault [26]. Some of them uti-
lized the psychological support/ trauma focused treatment offered at the RTS. Therefore, they
may have worked through the assault to a greater extent than women who had been sexually
assaulted but did not attend the RTS and were thus assigned a non-exposed status in our study.
This could also lead to an underestimation of the relative risks. Third, it is indeed a limitation
that smoking and BMI are not electronically registered in the IBR. However, we could analyze
the potential effects of these variables on our reported associations in our previous dataset
where we collected and registered these variables manually [11]. It did not affect our
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interpretation. Finally, while our exposed cohort is well-defined, it is small, and we indeed lack
statistical power to detect differences between groups for rare outcomes.
In conclusion, our findings indicate that women who were sexually assaulted as teenagers or
in adulthood are, on average 5.8 years after the exposure, at increased risks of pregnancy and
delivery complications such as antepartum bleeding, maternal distress, prolonged first stage of
labor and emergency instrumental deliveries. Overall, women who were assaulted as teens
show greater risks of adverse outcomes. Yet, the risk estimates of delivery complications were
modest and most exposed women gave birth without complications. Nevertheless, further
research is needed to address how these survivors can be supported during pregnancy and
delivery.
Supporting Information
S1 Table. Supplementary Table A. Comparison of labor characteristics and delivery interven-
tions among women exposed versus non-exposed to sexual violence: With adjustment for
socio-economic status.
(DOCX)
S2 Table. Supplementary Table B. Comparison of labor characteristics among women
exposed versus non-exposed to sexual violence: By time between assault and delivery.
(DOCX)
S3 Table. Supplementary Table C. Comparison of delivery interventions among women
exposed versus non-exposed to sexual violence: By time from assault to delivery.
(DOCX)
S4 Table. Supplementary table D. Labor characteristics and delivery interventions among
women exposed versus non-exposed to sexual violence: Restricted to each exposed woman‘s
first subsequent delivery following the exposure.
(DOCX)
Acknowledgments
We thank Ingibjorg Richter and Birna Bjorg Masdottir for their work on data recruitment and
Dr. Sigrun Helga Lund for data assistance. Agnes Bjorg Tryggvadottir, Audur Sjofn Thorisdot-
tir and Thyri Asta Hafsteinsdottir are thanked for their important help with the data gathering,
and coworkers at the Centre of Public Health Sciences at the University of Iceland are thanked
for helpful comments throughout the process.
Author Contributions
Conceived and designed the experiments: AG BLH SC UAV. Analyzed the data: AG UAV TA.
Wrote the paper: AGMALF BLH BG EJ RIB AH TA SC UAV. Drafted the manuscript: AG
UAV. Contributed to interpretation of data: AG MALF BLH BG EJ RIB AH TA SC UAV.
References
1. García-Moreno C, Zimmerman C, Morris-Gehring A, Heise L, Amin A, Abrahams N, et al. Addressing
violence against women: a call to action. The Lancet. 2015; 385(9978):1685–95. doi: 10.1016/S0140-
6736(14)61830-4
2. Riley EH, Wright RJ, Jun HJ, Hibert EN, Rich-Edwards JW. Hypertension in adult survivors of child
abuse: observations from the Nurses' Health Study II. J Epidemiol Community Health. 2010; 64
(5):413–8. doi: 10.1136/jech.2009.095109 PMID: 20445210
Sexual Violence and Subsequent Obstetric Outcomes
PLOSONE | DOI:10.1371/journal.pone.0150726 March 23, 2016 10 / 12
3. Scott KM, Koenen KC, Aguilar-Gaxiola S, Alonso J, Angermeyer MC, Benjet C, et al. Associations
between Lifetime Traumatic Events and Subsequent Chronic Physical Conditions: A Cross-National,
Cross-Sectional Study. PLOSONE. 2013; 8(11):e80573. doi: 10.1371/journal.pone.0080573 PMID:
24348911
4. Paras ML. Sexual Abuse and Lifetime Diagnosis of Somatic Disorders: A Systematic Review and Meta
—analysis. JAMA. 2009; 302(5):550–61. doi: 10.1001/jama.2009.1091 PMID: 19654389
5. Jonas S, Bebbington P, McManus S, Meltzer H, Jenkins R, Kuipers E, et al. Sexual abuse and psychiat-
ric disorder in England: results from the 2007 Adult Psychiatric Morbidity Survey. Psychol Med. 2011;
41(04):709–19. doi: 10.1017/S003329171000111X
6. Chen LP, Murad MH, Paras ML, Colbenson KM, Sattler AL, Goranson EN, et al. Sexual Abuse and Life-
time Diagnosis of Psychiatric Disorders: Systematic Review and Meta—analysis. Mayo Clinic Proceed-
ings. 2010; 85(7):618. doi: 10.4065/mcp.2009.0583 PMID: 20458101
7. Lindert J, von Ehrenstein O, Grashow R, Gal G, Braehler E, Weisskopf M. Sexual and physical abuse
in childhood is associated with depression and anxiety over the life course: systematic review and
meta-analysis. Int J Public Health. 2014; 59(2):359–72. doi: 10.1007/s00038-013-0519-5 PMID:
24122075
8. Walsh K, Galea S, Koenen KC. Mechanisms Underlying Sexual Violence Exposure and Psychosocial
Sequelae: A Theoretical and Empirical Review. Clinical Psychology: Science and Practice. 2012; 19
(3):260–75. doi: 10.1111/cpsp.12004
9. Nelson EC. Childhood sexual abuse and risks for licit and illicit drug—related outcomes: a twin study.
Psychol Med. 2006; 36(10):1473. PMID: 16854248
10. Noll JG, Zeller MH, Trickett PK, Putnam FW. Obesity Risk for Female Victims of Childhood Sexual
Abuse: A Prospective Study. Pediatrics. 2007; 120(1):e61–e7. doi: 10.1542/peds.2006-3058 PMID:
17606550
11. Gisladottir A, Harlow BL, Gudmundsdottir B, Bjarnadottir RI, Jonsdottir E, Aspelund T, et al. Risk factors
and health during pregnancy among women previously exposed to sexual violence. Acta Obstet Gyne-
col Scand. 2014; 93(4):351–8. doi: 10.1111/aogs.12331 PMID: 24490826
12. Lukasse M, Schei B, Vangen S,Øian P. Childhood Abuse and Common Complaints in Pregnancy.
Birth. 2009; 36(3):190–9. doi: 10.1111/j.1523-536X.2009.00323.x PMID: 19747265
13. Lukasse M, Henriksen L, Vangen S, Schei B. Sexual violence and pregnancy-related physical symp-
toms. BMC Pregnancy Childbirth. 2012; 12(1):83. Epub 2012/08/14. doi: 10.1186/1471-2393-12-83
14. Henriksen L, Schei B, Vangen S, Lukasse M. Sexual violence and mode of delivery: a population-
based cohort study. BJOG. 2014; 121(10):1237–44. doi: 10.1111/1471-0528.12923 PMID: 24939396
15. van der Hulst LA, Bonsel GJ, Eskes M, Birnie E, van Teijlingen E, Bleker OP. Bad experience, good
birthing: Dutch low-risk pregnant women with a history of sexual abuse. J PsychosomObstet Gynaecol.
2006; 27(1):59–66. Epub 2006/06/07. PMID: 16752877
16. Halvorsen L, Nerum H, Oian P, Sorlie T. Giving Birth with Rape in One's Past: A Qualitative Study.
Birth-Issues in Perinatal Care. 2013; 40(3):182–91. doi: 10.1111/birt.12054
17. Leeners B, Stiller R, Block E, Görres G, Rath W. Pregnancy complications in women with childhood
sexual abuse experiences. J Psychosom Res. 2010; 69(5):503–10. doi: 10.1016/j.jpsychores.2010.04.
017 PMID: 20955870
18. Henriksen L, Vangen S, Schei B, Lukasse M. Sexual Violence and Antenatal Hospitalization. Birth-
Issues in Perinatal Care. 2013; 40(4):281–8. doi: 10.1111/birt.12063
19. Heimstad R, Dahloe R, Laache I, Skogvoll E, Schei B. Fear of childbirth and history of abuse: implica-
tions for pregnancy and delivery. Acta Obstet Gynecol Scand. 2006; 85(4):435–40. Epub 2006/04/14.
doi: 10.1080/00016340500432507 PMID: 16612705
20. Eberhard-Gran M, Slinning K, Eskild A. Fear during labor: the impact of sexual abuse in adult life. J Psy-
chosomObstet Gyneacol. 2008; 29(4):258–61. doi: 10.1080/01674820802075998
21. Nerum H, Halvorsen L,Øian P, Sørlie T, Straume B, Blix E. Birth outcomes in primiparous women who
were raped as adults: a matched controlled study. BJOG. 2010; 117(3):288–94. doi: 10.1111/j.1471-
0528.2009.02454.x PMID: 20015304
22. Nerum H, Halvorsen L, Straume B, Sørlie T,Øian P. Different labour outcomes in primiparous women
that have been subjected to childhood sexual abuse or rape in adulthood: a case—control study in a
clinical cohort. BJOG. 2012:n/a–n/a. doi: 10.1111/1471-0528.12053
23. Finnbogadóttir H, Dejin-Karlsson E, Dykes A-K. A multi-centre cohort study shows no association
between experienced violence and labour dystocia in nulliparous women at term. BMC Pregnancy
Childbirth. 2011; 11(1):1–9. doi: 10.1186/1471-2393-11-14
Sexual Violence and Subsequent Obstetric Outcomes
PLOSONE | DOI:10.1371/journal.pone.0150726 March 23, 2016 11 / 12
24. Schei B, Lukasse M, Ryding EL, Campbell J, Karro H, Kristjansdottir H, et al. A History of Abuse and
Operative Delivery—Results from a European Multi-Country Cohort Study. PLOS ONE. 2014; 9(1):
e87579. doi: 10.1371/journal.pone.0087579 PMID: 24498142
25. Lukasse M, Vangen S,Øian P, Schei B. Childhood abuse and caesarean section among primiparous
women in the Norwegian Mother and Child Cohort Study. BJOG. 2010; 117:1153–7. doi: 10.1111/j.
1471-0528.2010.02627.x PMID: 20528868
26. Gisladottir A, Gudmundsdottir B, Gudmundsdottir R, Jonsdottir E, Gudjonsdottir GR, Kristjansson M,
et al. Increased attendance rates and altered characteristics of sexual violence. Acta Obstet Gynecol
Scand. 2012; 91(1):134–42. Epub 2011/09/29. doi: 10.1111/j.1600-0412.2011.01283.x PMID:
21943075
27. Adams SS, Eberhard-Gran M, Eskild A. Fear of childbirth and duration of labour: a study of 2206
women with intended vaginal delivery. BJOG. 2012; 119(10):1238–46. Epub 2012/06/28. doi: 10.1111/
j.1471-0528.2012.03433.x PMID: 22734617
28. Laursen M, Johansen C, Hedegaard M. Fear of childbirth and risk for birth complications in nulliparous
women in the Danish National Birth Cohort. BJOG. 2009; 116(10):1350–5. doi: 10.1111/j.1471-0528.
2009.02250.x PMID: 19538412
29. Rouhe H, Salmela-Aro K, Toivanen R, Tokola M, Halmesmäki E, Saisto T. Obstetric outcome after
intervention for severe fear of childbirth in nulliparous women—randomised trial. BJOG. 2013; 120
(1):75–84. doi: 10.1111/1471-0528.12011 PMID: 23121002
30. Hodnett ED, Gates S, Hofmeyr GJ, Sakala C. Continuous support for women during childbirth.
Cochrane Database Syst Rev. 2012; 10:CD003766. Epub 2012/10/19. doi: 10.1002/14651858.
CD003766.pub4 PMID: 23076901
31. Leeners B, Stiller R, Block E, Gorres G, Rath W, Tschudin S. Prenatal care in adult women exposed to
childhood sexual abuse. J Perinat Med. 2012:1–10. Epub 2013/01/15. doi: 10.1515/jpm-2011-0086
32. Alehagen S, Wijma K, Lundberg U, Melin B, Wijma B. Catecholamine and cortisol reaction to childbirth.
International Journal of Behavioral Medicine. 2001; 8(1):50–65.
33. Norman SM, Tuuli MG, Odibo AO, Caughey AB, Roehl KA, Cahill AG. The effects of obesity on the first
stage of labor. Obstet Gynecol. 2012; 120(1):130–5. doi: 10.1097/AOG.0b013e318259589c PMID:
22914401
34. Elvander C, Cnattingius S, Kjerulff KH. Birth Experience in Women with Low, Intermediate or High Lev-
els of Fear: Findings from the First Baby Study. Birth. 2013; 40(4):289–96. doi: 10.1111/birt.12065
PMID: 24344710
35. Felitti VJ, Anda RF, Nordenberg D, Williamson DF, Spitz AM, Edwards V, et al. Relationship of Child-
hood Abuse and Household Dysfunction to Many of the Leading Causes of Death in Adults. Am J Prev
Med. 1998; 14(4):245. PMID: 9635069
36. Suglia SF, Sapra KJ, Koenen KC. Violence and Cardiovascular Health: A Systematic Review. Am J
Prev Med. 2015; 48(2):205–12. doi: 10.1016/j.amepre.2014.09.013 PMID: 25599905
37. Masho SW, Ahmed G. Age at Sexual Assault And Posttraumatic Stress Disorder amongWomen: Prev-
alence, Correlates, And Implications for Prevention. Journal of Women's Health (15409996). 2007; 16
(2):262–71. doi: 10.1089/jwh.2006.M076
38. Karlsdottir E, Arnalds AA. Rannsokn a ofbeldi gegn konum. Reynsla kvenna a aldrinum 18–80 ara a
Islandi [Research on violence against women: The experiences of Women Aged 18–80 in Iceland]. (In
Icelandic. English abstract available). Reykjavik: Rannsoknarstofnun í barna- og fjolskylduvernd,
2010.
Sexual Violence and Subsequent Obstetric Outcomes
PLOSONE | DOI:10.1371/journal.pone.0150726 March 23, 2016 12 / 12
